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ABSTRACT

The genus Scaphella supposedly has a long geological history
on lmth sides of the Atlantie. extending hdL]\ to the Paleocend.,

However, there are differences in both shell mor phology and
t(()](i”ltd] preferences between the New and Old World rep-
resentatives. This paper traces the history of Scaphella i the
Atlantic. It is suggested that the gronp originated in the Cre-
taccous/Paleocene Tethys Sca, a genus such as Caricella dis-
persing during this time to the New World, and thence giving
rise in the Neogene to Scaphella. In the Old World the vecord
of Scaphella is uninterrupted [rom the Paleocene to the middle
Pliocene, after which the genus disappeared {rom the Euastern
Atlantic. The genus Scapliclla is heterogencons., the European
species differing in certain constant shell characteristies from
the New World species. Scaphella carlae new species s de-
scribed [rom the lower-middle Pliocene Mediterranean ol the
Estepona Basin (Spain) and a possible second new species is
discussed. but not named due to the poor material available,
from the lower Pliocene Atlantic of the Gnadalgnivir Basin
(Spain).

INTRODUCTION

The sublamily: Scaphellinae 1. and A. Adams, 1858,
comprises three extant genera; Ampulle Riading, 1798,
Scapliella Swainson, 1832, and Volutifusus Conrad. 1563
Darragh. 19SS). In the Recent funa they occar in the
western Atlantic Ocean, including the southeastern
United States, Gulf ol Mexico and Caribhean (Scapliclla,
Volutifusus), and the eastern Atlantic, from southem
Portngal and Spain to the West African coasts of south-
ern Morocco and the Canaries (Angidla). In the early
fossil record another genus., C (uzu[lu Conrad, 1835, pre-
dominates. being present from the Cretaccous in the
Tethvan record (Bandel, 2003) and in the New World
Paleocene to Oligocene (Dockery, 1977). Bandel (2003)
however, placed Caricella in a se lmmt( subfanilyv. Cari-
cellinae Dall, 1907, 1n this paper we deal with the OIld
and New World taxa traditionally phluﬂ in the genus
Seapliella.

The r_mstmpmls of the genns S('up/u'[]a today live in

warm water, with a Recent subtropical to tropical distri-
bution restricted to the western Atlantic, from the coasts
of North Carolina (USA), southward throngh the Gulf of
Mexico to Yncatan (Weaver and du Pont, 1970), the Ca-
ribbean, up to Colombia (Clench, 1946; Poppe and Gotao,
1992). The genns has an widespread geological record in
the Americas, with a lew records in the Paleocene, an
extensive Neogene history, but is not recorded from the
lcocene or Oligocene.,

In the Old World the Scaphellinae have an equally
long geological record extending back to the Paleocene
of the North Sea Basin (Ravn, 1933). The group Hour-
ished in the Miocene, extending its distribution into the
Atlantic and reaching the sonthern Atlantic coast ol 1be-
ria in the Tate NMiocene (Pereira da Costa, 1S66). In the
Pliocene the Scapliellinae were abundant in the North
Sea Basin (Marquet, 1997). Their range extended into
the Atlantic, as far as central western 1heria (Mondego
Basin) (Silva, 2001) and into the Mediterranean, where
they were restricted to the Alboran Sea (Estepona Ba-
sin). except for a single unconfirmed report fronn Algeria
(Lamothe and Dantzenberg, 1907).

The last European records for Seapliclla are from the
upper Pliocene of the North Sea Basin. Today the
Scaphellinac are represented i the Enropean faumas by
the monotypic genus Ampulla Roding, 1791, Ampulla
priciaes (Gieling 1791) occurs from the southern coast
of Portngal (Nobre, 1935-40), or possibly [rom the
southwestern coast of Portngal, were it is rare (G,
Calado, pers. comny., 2006), sonth to the Canaries and
sonthern Morocea (Poppe and Goto, 1992).

Pliocene Atlantic and Nediterranean records of
S(‘u;;/u'//zl are scarce. Chavan and Coatman (1943) and
Bréhion (1964) recorded S, lamberti from the Pliocenc
ol the Loire Basin. Silva (2001) listed S. lamberti from
the Atlantic Pliocene of the Mondego Basin and Zhys-
zewski (1943, 1939) from the Lower Tagns-Sado Basin of
central-western Portagal. There is anly one unconfinmed
re me by Lamothe and Dantzenbere (1907) ol S, lam-
berti in the Mediterrancan from the P]mu ne of Algeria,

Recent work on the ricli lower Pliocene deposits uf the
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Atlantic Guadalquivir Basin and Mediterrancan Este-
pona Basin (southern Spain) revealed the presence of
Scaphella in both these basins.

FOSSIL-BEARING LOCALITHES

The material diseussed herein originates from three dis-
tinct 1berian localities, situated, from northwest to sonth-
cast, at:

1. Vale de Freixo, Pombal region, central-western Por-
tugal. Atlantic. Mondego Basin. The Pliocene Camide
Sandstone Formation generally consists of [ine mica-
ceous sand without macro somatotossils (body lossils).
Locally, the lowermost section of this formation contains
a thin fossiliferons sequence consisting of a basal con-
glomerate and sand rich in fossil shallow marine mollus-
can shells. At Vale de Freixo, the basal fossiliferous heds
of the Carnide Sandstone have a maximum thickness of
approximately 1 m. These are dated as lower to middle
Pliocene, uppelmmt Zanclean to lowermost Piacenzian
(Silva et al., 2000: Silva, 2001: Silva ct al., 2006).

2. Lucena, Huelva region. sonthern Spain. Atlantic.
Guadalquivir Basin. The sandy. near-shore deposits of
Lucena are part of the Arenas de Huoelva Formation and
dated as lower Pliocene, Zanclean (Civis et al., 1987)

3. Velerin, Estepona region, southern Spain. Mediter-
rancan. Estepona Basin. These deposits consist ol a va-
riety of different lithologies, from fine clayey sands (Vel-
erin carretera ()utuol)) deposited at relative Iy greater
depthis, to coarse conglomerates (Velerin um(rlmnm ates
outcrop). These conglom( rates, which must ]1(1\ ¢ been
deposited relatively rapidly or in storm conditions (Sanz
de Galdeano and Lopez Garrido. 1991), contain the rich-
est fiuna, a curions mixture of large and small abraded
and perfectly preserved shells. ’lhesc deposits are dated
as middle Pliocene. lower Piacenzian (Guerra-Merchin
et al., 2002).

For detailed location maps and a geological and strati-
araphical overview ol the fossiliferous deposits covered
in this paper see La Perna et al. (2003) and Dell’Angelo
and Silva (2003), for the Mondego Basin, Civis et al.
(1987) for the Guadalquivir Basin, and Sanz de Galdeano
and Lopez Garrido (1991) and Guerra-Merchian et al.
(2002), for the Estepona Basin.

The Pliocene malacofauna [vom all three ol these ba-
sins, according to Silva (2001), La Perna et al. (2003). and
Landan et al. (2003), corresponds to the Mediterranean
Pliocene Mollusean Unit 1 (MPMU1) of Monegatti and
Raffi (2001).

The material herein discussed is housed in the [olow-
ing collections: RSN B: Institut royal des Sciences na-
turelles de Belgique: BLP coll: B. Landan collection;
CANIS coll.: Carlos Marques da Silva collection, Departa-
mento de Geologia da Facnldade de Ciéncias de Lisboa;
RM coll.: collection R. Margnet (will he incc)rp()mtvd
into the collection Institut royal des Sciences naturelles
de Belgique in the near future); CG coll. = Chris Ganvie
collection, USA: M-V coll.: Mannel Molin/Daniela Velo

collection, Bonares, Spain: AC coll.: Alain Cluzaud col-
lection, France.

SYSTEMATIC PALEONTOLOGY
The genus Scaphella

The tyvpe species ol the genus Scapliclla is Voluta junonia
Shaw, 1508, by subsequent designation of Gray, 1847
(Clench, 1946). Scaphella /'zumniu is a western Atlantic
species, characterized by asially ribbed post-nnclear
whorls, prominent columellar phcatmm and a well de-
veloped siphonal fasciole.

Clench (1946) recognized Scapliclla sensu stricto char-
acterized by shells that were a little more massive,
nuclear whorls extended and the calcarella nsually worn
away: and Scapliella (Auwrinia) H. and A. Adams, 1853, in
which the shell is strong. but not massive, aud the
nuclear whorls have a strongly developed calcarella. In a
more recent work (Weaver and du Pont, 1970), this di-
vision into subgenera was contirmed by dillerences in
the radular structure. According to Clench (1946), the
tvpical subgenns has wishbone shaped rachidian teeth,
with the central denticle rather long and narrow, and the
lateral shanks extending behind rather than to the sides,
but no lateral denticles. In the subgenus Aurinia the
rachidian teeth have a very strong ce ntral de nticle, with
shanks above extending at Wmost nﬂht angles, and at the
hase two very small ]dt( ral teeth. fused to the central
denticle (Clench, 1946).

Later, Weaver and du Pont (1970) recognized three
subgenera. The subgenus Scaphella sensu stricto was
charaeterized by a pdp]lhfm m pmto( onch, usually with a
spur-like calcarella present, the telcoconch .. . is sculp-
tured with spiralfsic] lirae and incised lines ... 7, the
colmmella has three or more antervior plaits, and a sipho-
nal notch and fasciole are present (Weaver and du Pont,
1970: 140). The subgenus Awrinia differs in having a
larger protoconch, with a projecting calcarella, in laclunff
(1 slphonal notch and faseiole, and in liaving no u)]mnel-
lar plaits or onlv weak ones. They 19(0011179(] a third
subuenus. Clene hina Pilsbrv and Olsson. 1933, which dif-
fers flom the nominal 911b«renux by sinaller size, less solid
shell, usually with an attenuated spire. These shell dif-
lerences are small, and both Pilsbry and Olsson (1953)
and Weaver and du Pont (1970) se 1)dl<lt(‘(l the subgenera
mainly by radular morphology. The nominal su])w(nm is
characterized by umiserial Y-shaped radular tee t]1 with-
out side cnsps, Clencling has small Y -shaped teeth with
minute side cusps, and Awrinia las tricuspid rachidian
teeth, with the central cusp broudest and the lateral
cnsps strong and sickle-shaped (Weaver and Du Pont,
1970).

Poppe and Goto (1992) placed “shell similarvity” above
rachnlar stricture. They stressed that these snl)(r(n( it
were based mainly on radular characters, with ((m(ho-
logically similar species having quite different radular
strocture (Bayver, 1971), and uumn/ed only a single
aenus Scaphe lla, without subgenera.
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In the Recent fauna the representatives of the genus
Seaphella are vestricted to the western Atlantic. The
number of species recognized varies considerably, from
four (Weaver and du Pont, 1970) to 11 ¢ (Poppe and Goto,
1992) or 12 (Clench. 1946). All the Recent species. ex-
cept S. gouldiana (Dall, 1857), have a color pattern ol
squarish red or black spots in spiral rows on a paler
backgronmd, which has spiral bands in some species. and
most species have axial sculpture on the early teleoconch
whorls.

Scaphella in the fossil record
NEW WORLD

Scaphella is well wpwsented in the Neogene Caribbean
fossil record. 1t is found in the upper AMiocene Gurabo
Formation of the Dominican Republic (Vokes. 199S) and
lel)lesente(] by possibly numerous species in the Florid-
ian Plio-Pleistocene (Petuch, 1994). 1t has not heen re-
corded from the Tropical American Pacific. The earliest
representative ol the Neogene group ol Scapliclla in the
American fossil record is the upper Miocene Dominican
Republic species S. striata (Gabh, 1873), whicli is most
similar to S. gouldiana in having strong axial nodes at the
shoulder. Vokes (199S) noted that the shells of S. stiriata
do not show the characteristic color p;lttm‘n and were
probablv monochrome. All the specimens from the
Florida Plio-Pleistocene illustrated by Petuch (1994)
have axal sculpture on the carly teleoconcl whorls and a
spnttvd color pattem.

The historv of the genus in the New World before the
Neogene is far more cnmp]e\ Dall (1907) suggested that
the Xe()gene group of Scaphiclla evolved in the western
Atlantic from the genus Caricella Conrad, 1833, which is
widespread in the Eocene and Oligocene western Atlan-
tic assemblages (Gardner, 1937).

Caricella shares a similar shell shape and color pattern
of squarish red dots (Dockerv. 1977: MacNeil and Dock-
erv, 1954). 1t therefore seems that this color pattern is a
conservative character of the Caricella-Scapliclla line of
volutes (MacNeil and Dockerv. 1954). Gardner (1937)
described Caricella (Atraktus) pycnopecta Gardner,
1937 from the Shoal River Formation of northern
Florida and extended the upper range of Caricella into
the lower Miocene. In our opinion this new taxon nay
have been ])'d“(’] on a juvenile specimen of Scapliella.
The holotvpe is 27.0 mm in height. The juvenile xpeu—
men of Scaphella sp. from the T }«m(]mn Pliocene herein
figured (Figures 2-3) shows the same reticulate sculp-
ture. which later disappears in the adult stage. U nfoml-
nately we have not examined or beeun able to trace any
larger 9('(1})]1(’ff(1 specimen from the Miocene of Florida,
where thev seem to be very rare.

Two species present in the Paleocene of the eastern
United States (Porters Creek Formation. Matthews

Landing Marl Member. Alabama) are much more similar
in their tall. eloncated shape to the Scapliclla represen-
tatives in the Old World. We refer to the former two

species as the Paleocene New World Seapliella group.
The shell of Scaphella showalteri (Aldrich, 1SS6) (Fig-
ures 5-6) is very similar to the shells of the Eumpmm
species, bt does have faint axial sculpture on the early
teleoconch whorls, whereas the specimens of Caricella
leana Dall, 1890, (Figures 7-S) are very elongate, similar
to the shell of North Sea Basin Miocene Scapliella speci-
mens and most nnlike any of the American Eocene-
Oligocene Caricella species.

OLD WWORLD

Traditionallv. all the European Scaphella species had
heen asswncd to the genus Scapliella sensu stricto
Swainson, 1832, Darr: 1g11 (198S) placed the European
species in the subgenus Auwrinia H. and A, Adams, 1553.
However, as alreadv noted by Darragh (1988) and \lar-
quet (1997), this allocation is plob ematic. There are cer-
tain shell features the Old World Scaphiella species share
that are absent in the New World Neogene species. This
will be fully discussed further on.

The earliest records of the genus Scaphella in Europe
are Scaphella crenistria (\ on Koenen, 15855) and
Seapliella faxensis (Ravn, 1902) from the Paleocene of
Denmark (Ravn, 1933). The shells of these Paleocene
species have the typical fusiform shape, bnt only three
columellar folds (Ravn, 1933) rather thau the four or five
ones present in the shells of Neogene and Recent spe-
cies. Scaphella wetherellii Sowerby, 1836, from the lower
Eocene London Clay shows the typical Scaphella shape
and also has three columellar folds (Edwards, 1855, pl.
23, fig. 4.). Scaphella honi Glibert, 1938 from the npper
Eocene, Bartonian (Wemmelian) of Belgium is some-
what unusual, with a carina on the last whorl bearing
large sub-obsolete tubercles (Glibert, 1938, pl. 4. fig. 7)
]mt the protoconch and early teleoconch whorls are simi-
lar to those of other Eulopean specimens, and like the
other early Scaphella, it has only three columellar folds.
Scaphella is then represented in the North Sea Basin
contimously from the Lower Oligocene, Lattorfian, of
Germany, by S. sicnumsenii (Boll, 1851), which has an
elungate shell with a tall spire, no asial sculpture at all,
and no siphonal fasciole (Beets, 1930), to the Kruisschans

Sands (Marquet, 1997). Piacenzian, middle Pliocene
(Van Vliet-Lanoé et al., 2002). Tu the late Oligocene
Scaphella reached the Atlantic, where it was represented
by an undescribed species (Figures 11-13) from the up-
per Oligocene, Chattian of St-Paul-les-Dax. Aquitaine
Basin, France (AC coll).

In the Miocene Scapliclla is represented in the North
Sea Basin by Scaphiclla bolli (Koch, 1861) (Figures 14—
17), and in the Atlantic by S. miocaenica (Fischer and
Tournouér, 1879) in the middle Miocene, Serravalian, of
the Loire Basin and S. tarbelliana (Grateloup, 1540) in
the lower Miocene, Burdigalian ol the Aquitaine Basin

(Peyrot, 1928). The southemmost Miocene record is that
of Voluta lamberti Sowerby, 1816 in the upper Miocene.
Tortonian, of southern P(n'tug,al Algarve Basin (Pereira
da Costa. 1866).
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In the Phocene. Scaphella lamberti (Sowerby, 1816)
(Figures 19-22) flourished in the North Sca Basin and
was abundant in the Oorderen Sands of Belginm (Mar-
quet, 19970 1o the Atlantic it is vecorded from the Loire
Basin. northwestern France (Chavan and Coatman,
1943). Scaphella is also vecorded from central-western
Portugal. Moudego Basin (Silva, 2001) and lower Tagus-
Sado Basin (Zbvszewski, 1943, 1959). southern Atlantic
coast of Spain, Guadalquivir Basin (BLIP coll.) and the
Alboran Sea, Estepona Basin (BLP coll.). Lamothe and
Dantzenuberg (1907) recorded S, lamberti from the
Pliocene of Algeria. althougly we lave not found any
further record to conlirm this.

The origin of Scaphella

The subgeneric assignment of the European fossil
Scaphella species is problematic. Darragh (198S) placed
the European Cenozoic Scaphella spec ies in the subge-
nus Aurinia. whicli aceording to him is charac terized ])\
the absence or reduction of the columellar plicae and the
absence of a siphonal fasciole.

Marquet (1997) already noted that Pliocene North Sea
Basin specimens of Scapliclla lamberti do not fit neatly
within these characters, having strongly developed col-

umellar plications. The same can be A(u(l for the rest of

the Enropean Scaphella speeies. whiclh all have strongly
developed colnmellar plications.

One species, Scaphella (Aurinia) johannae Darragh,
19SS, occurs in the Australian f\ldingun, upper Eocene.
1t is similar in shape to the European species and has no
sculpture on the early teleoconch whorls. As noted hy
Darragh (1985, p. 217). that species is more akin to the
European stock of Scapliella than to the New World
Scapliella speeies. and could be regarded as an example
of a Tethvan element in the Anstralian Eocene fanna.

Thus, the shell characters of the Old World fossil spe-
cies of Scaphella do not fit into anv of the three existing
subgenera of the genus. The e(nl\ teleoconch \\l](nls
have no axial 5(11]1)tme the apelturv combines strong
columellar folds with the absence of a f{asciole, and no
color pattern whatsoever has been ohscrved in any speci-
mien under either normal or UV light.

Bondarev (1997) discussed the biogeography and his-
torv of the subfamily Scaphiellinae. stating that thev orig-
inated in the Tethys. aud placed their roots in the Me-

sozoie. Bandel (2003) .\llpp()m*(l the Mesozoic Tethyan
origin ol the Volutidac with the description of a Creta-
ceons volutid assemblage from Egypt. from the southem
shelfarea of the Tethvs Ocean, on the Alrican continent.
He also deseribed the first and oldest member ol the
genns Caricella from this apper Cretaccons Tethyan as-
semblage; Caricella (Misrimelo) Klitzschi Bandel, 2003,

The origin of Scapliclla is therefore even less clear.
Any hypothesis on dispersal of the Scaphellinac must
encompass: the first appearance of Caricella in the
Tethyan Realm: the presence ol Caricella and Scaphella
in the New World Paleocene, Caricella only in the New
World Eocene to Oligocene, Scaphella ()nl} in the New
World Mioeene to Recent; the ('()ntiuu(ms presence of
Seapliella in the Old World [rom the Paleocene to
Pliocene, hut not ol Caricella.

It is plausible to assime, as suggested by Dall (1907),
that the Neogene New World Scapliella gronp evolved
from a Carice Ila like ancestor, which migrated westward
from the Cretaceons Tethys into the ptot() Caribbean
Sea along the predomin: mtlv westward ow of ocean
currents, ](mﬂf hefore the closure of the Central Ameri-
can Seaway, \\hen a more-or-less continuous tropical sea
existed at low latitudes (Verme ij and Rosenberg, 1993).

Based o the new data of Bandel (2003), it is however
more likely that both Caricella and Scaphella originated
in the Tethys Sea, and that hoth independently dispersed
to the New World. which could explain their presence
there in the Paleocene, and the similarity between the
Palcocene New and Old World Scapliclla species. Snb-
sequently, as there is no record of any Scapliclla in the
New World in the Eocene and Oh"()u ne, the Neogene
New World Sceaphella evolved from the New W ()11(] Ca-
ricella, explaining the differences between this stock of
Scaphella species and the Enropean stock, which re-
mained more closely similar to the original Tethvan
Seaphella.

However, none of the Recent Volntidae produce
planktonic larvae that could favor this westward transat-
lantic dispersal (Bouchet and Poppe, 195S: Darragh and
Ponder, 199S). Some Cenozoic Athlcta species produced
p]unk’[onic larvae (Hansen, 1978); possibly some Lyiia
Spcuc (Bouchet and Poppe, 195S): some Calliotectum
species (Bouchet and Poppe, 19953); and Provocator,
which appeared in New Zealand late in Pliocene time
(Maxwell, 2003). 1Towever, we must note that the Ath-

Figures 1-18.

Scaphella species. 1. Seaphella (Seapliella) junonia (Shaw, 180S) (BLP coll.). North New River Canal, South Bay,

l’d]m Beach County, Florida, USA, Bermont Formation. Pleistocene, height 79.6 mm. 2-3. S u,)]u Ala sp., juvenile (BLP coll.). APAC
Pit, Sarasota, Sarasota County, Florida, USA, lower Pliocene, Pinecrest Hu]s height 32.1 mm. 4. Scapliella (Scapliclla) martinshugari
Petuch. 1994 (BLP coll.). Early Pliocene. Pinecrest Beds Unit 10, Quality Aggregates Plase 6, Sarasota, Sarasota County, Florida.
Detail to show ratchet-shaped colnmellar folds. 3-6. Se aphella showalteri (Aldvich, 1556), (CG unl]A). Dixorr’s Creck. Alabama River,
Wilcox Countv, Alabama . Porters Creek Formation, Matthews Landing Marl Member, Paleocene, height 22.8 mm. 7-8. Scaphella
leana (Dall. 1590). (CG coll.). Dixon’s Creek, Alubama River, Wilcox Connty, Alabaima, Porters Creek Formation, Matthews Landing

Marl Member, Paleocene. height 26.9 mm. 9-10. Scaphella siciwumsenii (Boll, 1851), juvenile (BLEP coll.).
Chattian. upper Oligocene. height 19.3 mm. 11-13. Scaphella sp. (AC coll.), Estoti,
Oligocene, height 67.0 mm lph()t(r A. Cluzand). ¥4-17. Scaphelta bolli (Koch, 1862), (BLP coll.).

i Krefeld., ‘
St.-Paul-les-Dax, Landes. Chattian, upper
Borgerhont Ring Higlnway,

Germany

Antwerp, Belgium. Beechem Formation. Antwerp Sands, middle Miocene, height S04 wm. 18. Scapliclla miocacnica (F N]n or and
Tournouér, 1579) (RN coll.). Mathelin, Loire Basin, France, Serravallian. m]ddk Miocene. 1leight 102 mm (photo Robert Marquet
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letidae were considered as an independent fimil from
the Volutidae by Riedel (2000) (but as a subfamily of the
Volutidae by Bouchet and Rocroi [2005]). '

In fact Bondarev (1997) stated that volutids are char-
acterized by their high level of provineialism. Bouchet
and Poppe (198S. p. 30) pointed out that “Volutes are the
most holobenthic of all gastropods . ..7, and Darragh
(19SS) noted that the volute fanma of the areas where
species occur today was largely established by mid-
Tertiary time, little” having been added since. The fact
that, as far as we know, Scapliclla in the New World
never dispersed into the Pd(‘]h(‘ during the Neogene, and
in the Old World it did not disperse into the Mediterra-
nean (except the Alboran Sea) or Paratethys, is a testa-
ment to its poor dispersal ability. This has not, however,
prevented the dispersal of some volutids over long dis-
tances. such as representatives of Aleithoe and Lz/rm
that probably “hopped™ along nnderwater bnd(fm or
chains: these may have a short-lived demersal Iree-
swimming larval Rt(we (Bouchet and Poppe, 195S).

Bandel (2003) suggested that the plotocomh tvpe ol

the Cretaceous Egvptian Volutidae (including a Cari-
cella-like species) snggested a non- pldnl\totmphl(- devel-
opment and that thev 51)](‘(1(] only by crawling young and
not by flt’(‘-%\\'ll]]l]]]n(' farvae.

If Bondarev (1997) and Bandel (2003) are correct in
their hyvpothesis that the Scaphellinae originated i the
Cretaceous of Tethys Sea, and Dall (1907) is correct in
his npothesis that Scaphella originated from Caricella. it
is likelv that the New World Pd](()(l]](‘ Seaphella sho-
walteri evolved from a Cretaceous/Paleocene Old World
ancestor, which emigrated to the New World from the
Tethvs and in turn gave rise to the New World Scaphella
stock. The ltmopmn species traditionally assigned to
Scaphella, showing consistently distinct umdml(mlctll
characteristics, thewfmo would constitute a Gepamto
stock from those in the New World fanna, and might
even warrant a distinct genus-level taxon.

Family Volutidae Rafinesque, 1515
Subfamily S(aphelhnae Gray, 1557
Genus %aplu Ala Swainson, 1832

Type species: Voluta junonia Shaw. TS0S, by subse-
quent designation. Grav. 1547 (Clench. 1946). Recent,
western Atlantic Ocean.

Discussion:  Whilst including the Enropean species
traditionally assigned to Scaphella within this genus, we
stress that thev differ from Seapliclla sensu stricto and
the subgenus Clenching in not having axial sculpture on

}"it'ﬁr ST

the early teleoconch whorls, and in having no siphonal
fasciole and no color pattern, and trom the subgenus
Aurinia by again not having axial sculpture or color pat-
tern and having well developed columellar folds. Al-
though the number of columellar Tolds is similar in
Scapliella and its subgenera to that in the European
Cenozoie species, and in both the Tolds hecome more
oblique abapically, there is a subtle difference in their
shape. The [olds in New World Scaphella specimens are
highh asymmetrical; the anterior face is much less steep
t]mn the” posterior face, giving the folds a ratcheted ap-
pearance (Figure 4). This is not true in the Furopean
shells, in which the folds are elevated and syminetrically
roumded. This ratchet-dike character of the columellar
folds of the New World Scapliclla shells is not present in
Caricella, in which the tolds are symmetrical and much
finer than in Scaphella.

Although the absence of color pattern in fossil shells is
not always a reliable guide to the color of the living
animals, almost all lossil Scapliella species from the New
World (except S. striata) are characterized by shells with
persistent color pattern (see Olsson and Petit, 1964;
Campbell, 1993; Petuch, 1994). Many other shells from
the Estepona and Mondego deposits have the color pat-
tern preserved and one would have expected some of the
strong spotted pattern of Scapliella to be seen if present,
but none has been observed in the specimens from Es-
tepona, Mondego, or in any other European fossil
Scaphella species.

Unlike Recent American Scapliella species, which are
tropical to subtropical, European fossil Scaphella species
were plodmmndntl\ warm-temperate to subtropical.
Two of the three more sonthern deposits where Euro-
pean Scaphella have been found (Mondego and Este-
pona Bdsms which were subtropical and tropical re-
spectively (see Silva and Landau, Tn press). reflect areas
where there was somne deg :gree of upwelling of cooler
nutrient-rich waters (Landau et. al. 2004: Sikva et al.,
2006). This ability of gastropods of temperate waters to
survive i a tropical zone subjected to the periodical
upwelling of colder nutrient rich waters has already been
observe d for species of the genus Amalda ( Landau and
Silva, 2006). Even though European Scaphella weve
widespread and diverse during the ecarly Pliocene. the
genus did not survive subsequent Plio-Pleistocene cool-
ing. and the youngest record is of S. lamberti from the
upper Pliocene lxnnsxthdm Sunds of Belgium. where it
is rare (Marquet, 1997). Int(u.stmgl_\. European
Seaplella did not follow the prevalent trend of south-
ward migration seen in many other ga:stmpnd taxa as a

Figures 19-31.

Seaphella species. 19-21. Scaphella lamberti (Sowerby, 1816), (BLP coll)

‘Broad form’, Vrasenedok, Kallo,

Oost-Vaandere n, Antwerp, Belgium, Oorderen Sands. middle Pliocene, height 133.0 . 22. Srrl})lu la lamberti (Sowerby, 1816),

{BLP coll.).

‘Narrow form’, Vrasenedok. Kallo, Oost-Vlaanderen, Antwerp, Belgium, Oorderen Sands, middle Pliocene, he 1(r11r 176.0

mm. 23-26. Scaphella carlae new species, lm](;t}p(‘. IRSeNB IST 6994, Ve I( rin Conglomerates, Velerin, Estepona, Spain. lower
Piacenzian, middle Pliocene, height 147.0 mm. 26. Detail showing rounded columellar folds. 27-29. Scaphella carlae new species
Paratvpe (BLP coll.), Velerin ( un(fl(mn srates. Velerin, Estepona. Spain. lower Piacenzian, middle Pliocene. tieight 135.0 mm. 30-31.

Scaphella tarbelliana (Grateloup. 1540) (AC coll.).
Cluzaud

Moulin Debat, Salles, Serravallian, middle Miocene, lmg]]t S5.0 mm (photo A
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result of the late Neogene cooling events (Monegatti and
Rafli, 2001: Silva and Landan. in press), and does not
survive ofl West Alrica.

Scaphella carlac new specics
(Figures 23-29, 49-51)

Description:  Shell Targe, fusiformi, of medinm thick-
ness, slender and elongate. Protoconeh with 1.5 smooth
Nattened whorls. Nucleus of medium size, with a small,
blunt-pointed calcarella. Junction with teleoconch not
sharph- delimited. Teleoconch with five whorls. The Hirst
teleoconch whorl is short and {lat, about three times
wider than tall. Second teleoconeh whorl increases in
height rapidly, so that suture, nearly horizontal on first
whorl, becomes more oblique. By third teleoconch
whorl, width is 1.5 times height. Abapically the whorls
become taller and more convex, with narrow, slightly
concave sutural ramp. Last whorl about 77% ol t()td]
Leight. elongate. slender and not particularly inflated,

slwhtl\ shoul(lmc d in some specimens. Sculpture of very

faint to ohsolete spiral threads, most evident on early
whorls and below suture. Aperture 66% of total heltf]lt
tall. relatively narrow. Outer lip not thickened, convex in
profile. C olnmella weakly concave, bearing 4-5 oblique,
symmetrical, elevated columellar i()}(ls of variable thick-
ness, lllL'l((l\IIIUl\ oblique abapically; middle folds most
strongly deve l«)p( . abapical fold absent in smaller speci-
mens: folds strongest and somewhat Hattened in gerontic
specimens. C ohmnellar and parietal callus very tlnn and
worn in most specimens. Siphonal canal Tong and slightly
recurved abapicallv. Siphonal fasciole absent.

Type Material:  Holotype: IRSeNB 1ST 6994, height.
[47.0 mm: paratvpe; IRSeNB IST 6995, height.
147.0 mm.

Tyvpe Locality: Velerin conglomerates, Velerin, Este-
pona, province of Z\ldld(fa Spam

Stratum Typicnm:  Velerin Conglomerates, lower Pi-
acenzian. lower Pliocene.

Other Material Examined:
from the type locality, BLP coll.

Thirteen specimens,

Distribution: Lower Pliocene: western Mediterra-
nean. Estepona.

Etymology:  Nuned after Carla Santos, botanist, cur-
rently working at Coimbra University: companion and
moral support to one of the authors (CNS).
omparative Remavks:  Scapliclla carlae new species
differs from the North Sea Basin Pliocene species S.
lamberti in having a more clongate shell, with a higher
spire, the spire whorls are relatively taller and the last
whorl less inflated, the onter lip is convex in profile and
not sinuous as in S. lamberti, and the aperture is refa-
tively smaller and nmeh narrower. The protoconch of S.
carlac consists of 1.5 flattencd whorls, with a siatl blunt
calcarclla at the apex. The protoconch of S, lamberti
comprises about two whorls, is smaller (7.3 versus 9.3
mm diameter), rounded, and more bulbous. Marquet
(1997) discussed the variability iu heightAvidth ratio of S.
lamberti in his Belgian assemblage. His ratio was 2.1 to
2.7 (average: 2.4). Tlns is identical to the variability we
have found (Figure 5S) for the specimens of 8. lamberti
examined (BLP coll.). 2.1 to 2.6 (average: 2.3). These
contrast markedly with the range observed in S. carlac,
2.7 to 3.1 (average: 2.9).

High-spired and elongate Scaphella bolli from the
middle Miocene North Sea Basin is more similar in
shape to S. carlae than S. lamberti. Indeed, the range of
heightAvidth observed by Marquet (1997), 2.8 to 3.1 (av-
erage: 2.96) is about the same as that for S. carlac. How-
ever, S. bolli has fewer columellar folds (3—1 versus 4-53),
the spiral seulpture is more strongly developed and the
protoconch is even smaller (5.3 mim diameter), with the
first whorl even more bulbous and the calearella more
pointed in S. bolli thaw in S. carlac.

The middle Miocene Atlantic species Scaphella mio-
caenica (Figure 18) from the Loire Basin has a broader,
sqquatter. more sohid shell, with ore shouldered whorls.
The protoconch is rather similar m shape to that of S.
cairlac, with 1.5 flattened whorls and a small blunt cal-
carella at the apex, but much smaller (7.0 versus 9.3 mm
diameter).

Scaplella tarbelliana (Gratelonp, 1840) from the At-
lantic lower and middle Miocene Aquitaine Basin (Fig-
ures 30-31) has characters interediate between those
ol S. carlae and S. lamberti. The protocouch of S, tar-
belliana is about 6.2 mm dianieter. It is smaller, narrower
and less inflated than S. lamberti, but still hroader, with
a proportionally lower spire than S carlac. The outer lip
is convex in profile and not sinuous as in S lamberti, and

Figures 32-51.

Scapliclla species. 32-33. Scaphella sp.. juvenile (CMS coll). Vale de Freixo, Pombal Region. central-western

Portugal. Uppermost Zanclean to lowermost Piacenzian. lower-middle Pliocene, height 54.6 mm. 34, Scaphella sp.. juvenile (CMS
coll.). Vale de Freixo. Pombal Region, central-western Portugal. Uppermost Zanclean to lowermost Piacenzian, lower-middle
Pliocene. height 31.4 mm. 35-37. Scaphella miocaenica (Fischer and Tournouér, 1879) juvenile (BLP coll.). Ferriere-Larcon, Loire

Basin. France, Serravallian, middle Miocene, height 19.5 mm. 38—40. S((l/)]u][u sp.. juvenile (MA” coll.). Bonares.

Guadalquivir

Basin, Spain. Zanclean. lower Pliocene, height 341 mm. 41-43. Sc ‘aphella sp.. juvenile (MA coll.). Bonares, Guadalqguivir Basin

Spain. Zanclean, lower Pliocene, height 34.0 mm. 44=43. Scapliclla lamberti (Sowerby,

1816), juvenile (BLP coll.). Vrasenedok,

Kallo. Oost-Viaanderen, Antwerp. Be I<r111m Oorderen Sands. middle Pliocene. height 38.8 nm. 46-47. Sc aphella lamberti (Sowerby
1516). juvenile (BLP coll.). Vrase nt‘dul\, Kallo, Oost-Vlaanderen, Antwerp, Be I}_{lnm, Oorderen Sands, middle Pliocene. height 35.0

mm. 48. Scaphella lamberti (Sowerby, 1816), juvenile (BLP coll.).

Vrasenedok, Kallo, Oost-Vlaanderen, Antwerp, Belginm, Oorderen

Sands, middle Pliocene, height 32.0 mm. 49-31. Scaphella carlae new species juvenile (BLP coll.). Velerin Conglomerates, Velerin,
Estepona. Spain, lower Piacenzian, middle Pliocene. height 47.5 mm.
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the aperture intermediate in width between the two.
Nevertheless, the overall outline of S. tarbelliana is still
considerably more inflated than that of S. carlae.
Scaphella miocaenieca dilters from S. tarbelliana in being
thicker-shelled, squatter, and in having a lower spire and
a more inflated, more shouldered last whorl.

Glibert (1952) noted that even at the juvenile stage S.
miocacnica and S. lamberti were quite different, how-
ever, the character of the juvenile shell was not consid-
ered by subsequent authors. Certainly the juvenile shell
of S. miocaenica is quite different from that of S. lam-
berti and S. carlae, being mnch broader, and the proto-
conch whorls more depressed. The shape of the juvenile
shell of S. carlae is similar to S. lamberti, but in the latter
the apex is more rounded, the calcarella more elevated
and the diameter of the first teleoconch whorl is smaller.

Scaplella sp.
(Figures 3543

Deseription:  Shell large, fusiform, relatively thick-
shelled. Protoconch svith about 1.5 smooth, {lattened
whorls, with small. blunt-pointed calcarella. Junction
witlt teleoconch not sharply delimited. Te Jleoconcl with
3-3.5 whorls. First teleoconch whorl short, {lat, width
about three times height. Second teleoconeh whorl
weakly angular in ])l()fll(‘, increasing in height rapidly. so
that suture beconies more oblique than on first whorl,
Last whorl about 8§6% of total height, inflated, shoul-

dered weakly a short distance below suture. Seulpture of

very faint to obsolete spiral threads, most evident on
early whorls and below suture. Aperture 74% of total
he 1&f]1t Outer lip broken in examined specimen. Col-
umella ahmost straight, bearing four narrow, elevated.
()Miqm‘ colimellar folds, increasingly ()l)]i(ll](‘ ;1]_)11})1'(‘;1]])';

adapical three folds of roughly equal strength, abapical
fold much weaker. Colimellar and parietal callus not
preserved. Siphonal canal long and straight. Siphonal fas-
ciole absent.

Dimensions and Material:  Maximum height: 112.0
mim ‘(llfll(lll”]l nl((unpl(h‘ sp(um(n\ suggest up to dl)f
proximately 130 mm). Four specimens, BLP coll.;
specimens, M-V coll. All from Bonares, Guad: thlm\n B a-
sin, Huelva, Spain. Zanclean, lower Pliocene.

Discussion:  Despite intensive collecting by one of the
authors (BL) and dedicated locul collectors Manuel Mo-
lin and Duaniela Velo for more than 30 vears, only six
incomplete adults and two juveniles have heen found in
the Guadalquivir Basin deposits. However. it is clearly
not conspecific with Seaphella carlae. The lower
Pliocene Atlantic specimens from the Guadalquivir Basin
are thicker-shelled (maximum shell thickness 4.9 mm),
squatter, with fewer whorls, the last whorl distinetly
shouldered as oppose « to convex or weakly shouldere d
and there are onlv four columellar folds, which are nar-
rower than in the coeval Mediterranean S. carlae. The
maximum diameter of the protoconch (9.7 min) is similar
to that ot S. carlac.

Of all the Envopean species of Scaphella, the Guad-
alquivir Basin shells are most similar to the Atlantic
middle Niocene Serravallian S miocaenica from the
Loire Basin ol France. This latter specices is also relatively
scuat, thick-shelled, with the last whorl shouldered, and
with four folds on the columella. The protoconch diam-
eter of S’('{/p/u'[/u sp. is, however, greater than in S. mio-
cacnica (9.7 versus 7.0 mm). The juvenile stage of S.
miocacnica is quite characteristic, the last \\hml very

ey

broad (Figures 35-37), unlike that of S. lamberti or S.

Figures 52-57.
35-536. Height 112.2 mm. 5

Scaphella sp. (BLT coll), Bonares, Guadalquivir Basin, Spain. Zanclean, lower Pliocene. 32-34. Height 95.7 mun.
7. Heicht 9044 .
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carlae. Fortimately, two pertectly preserved juvenile
specimens are av ailable to us collected by Manuel Molin
and Daniela Velo. The shape of the juvenile shell is most
similar to that of 8. miocaenica, possibly cven more in-
flated. but larger at the same number of whorls. and the
diameter of the protoconchand fivst teleoconch whorls is
oreater.

The specimens from the lower Pliocene Mondego Ba-
sin of Portugal (Silva, 2001) are both jivenile (Figures
32-34). Their protoconch characteristies and tlw \hapu
ol the juvenile shell are more similar to those of
Scaphella sp. than S. carlac. and they have provisionally
been added to the distribution.

CONCLUSIONS

In the Recent volutid faunas, non-planktotrophic Tarval
development most likelv induces the establishment of
locally distinct populatl(ms which ultimately results in
poorly defined species-group taxa, as with the Cymbiola
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Figure 38. Morphometric comparisons between Scaphella
lamberti and S. carlae new species. Measurements in mn.

pulchra group from Queensland, Australia (Darragh and
Ponder, 199S).

The same applies to Recent Scaphella species in the
New World, which explains the enormons diserepancy in
the number of species recognized by different anthors
(Torr, Weaver and dua Pont, 1970; 12, Clench, 1946). A
similar sitnation occurs with European Scaphella, the
species being restricted both geographically and strati-
araplically. Hn\ is illustrated by the presence of two
different species in the Atlantic Miocene Loire and
Aquitaine Basing and the deseription of two coeval, hut
distinct species present on either side of the Straits of

Gibraltar in the Pliocene. Most of the European species
are relatively easily characterized, although the middle
Miocene to 10\\01 Pliocene (lower to upper Redonian)
Scaphella species fronr the Atlantic Loire Basin, north-
ern France are less clearly distingnished. Brébion (1964)
recorded the presence of both S. miocacnica and S. lam-
berti in these deposits and observed a transition [rom one
to the other [rom the middle Miocene to the Pliocene.

This study of European Se (I])’I(’H(I revealed that the
genus s tlddltl()]]d“\ regarded is heterogeneous, with
(]t s and consistent d]ﬂ(*wm( s i shell lﬂ()]'l)]l()l()“'\ be-
tween Old and New World species. Old Waorld Seaphella
occur continnously in the European Cenozoie from the
Paleocene to the middle Pliocene and form a distincet
group fromn the Neogene to Recent New World species.

Assuming that Bondarev (1997) and Bandel (2003) are
correct, and that that the Scaphellinae have a Cretaceons
Tethyan origin, and that Dall (1907) is also correct, and
that Seapliclla originated from Caricella. it is hvpoth-
esized that the New World Paleocene Scaphella originat-
ed from a Cretaceous/Paleocene Old World ancestor,
which emigrated to the New World [rom the Tethys, and
that the Neogene New World Scapliclla species are a
distinet stock, which evolved from Caricella. This would
explain the similarities hetween Old and New World Pa-
leocene Scaphiella and the differences with the New
World Neogene stock. The Enropean Paleocene to
Pliocene species traditionally assigned to Seaphella
therefore wonld constitute a separate stock trom those in
the New World, and might even correspond to a distinet
genus-level taxon.
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